A method has been developed to record directly myoelectrical activity from the smooth muscle of the colon of intact subjects using pairs of intramuscular wires. Discrete bursts of myoelectrical activity occurred at 4-20 per min. A small interelectrode distance in this method allows contamination of colonic myoelectrical activity by the electromyogram of skeletal muscle to be excluded. This artefact has not been considered in previous recordings of 'colonic' activity.
Introduction
Understanding of the electrical and mechanical events within the human colon, in vivo, remain unclear despite advances in the physiology of smooth muscle. Conflicting data have accumulated from in vitro work and this may reflect variation between species in control of colonic activity. For example, differences have been reported in the slow wave and the electrical gradient between the circular and longitudinal muscle layers in the human and dog colon" 2. Furthermore, a poor correlation exists between studies of colonic smooth muscle in vivo and in vitro3'4. The latter studies are usually performed in the absence of extrinsic innervation and of hormones such as motilin and cholecystokinin. Not surprisingly, care has been recommended in extrapolation ofresults obtained with in vitro preparations to intact human subjects4.
Currently there is no reliable technique for measuring the myolectrical activity of the human colon in vivo (for full discussion see refs 5 and 6). Current methodologies use clip, ring or suction electrodes which are relatively large7, have a wide interelectrode distance and do not directly contact the smooth muscle layers8'9. Studies using suction and clip electrodes have produced conflicting results6, with the differences ascribed in part to the different methodologies'0-'4. Poor correlation between myoelectrical activity and subsequent pressure changes within the colon has been reported5.
A new technique is dcribed based on a modification of bipolar intramuscular wire electrodes used in electromyographyl3-16. This study presents preliminary results ofrecordings from the rectosigmoid. It has been found that, unless strict precautions are taken, recordings using many types of intracolonic electrode will be contaminated by pick-up of skeletal muscle activity and respiratory movement'6. A reliable method of assessing colonic myoelectrical activity may help to clarify the normal physiology of the human colon and may lead to a better under- Figure 1 . Recording method Two fine-wires are inserted into colonic smooth muscle through a rigid sigmoidoscope using a25G needle secured to a glass rod. The inset shows a typical burst ofraw myoelectrical activity with the integrated trace below (time constant 100 ms) standing of the disordered physiology of the irritable bowel syndrome and idiopathic constipation.
Methods
Following informed consent and approval by the local ethiZs committee, 5 male subjects (age range 33-76 years) were studied. Recordings were made in a screened room, free from external electrical interference.
Two teflon-coated wires (50 Im diam.) were passed through a needle (25G), the distal end of which was bent through 300. The tips of the wires were bared of insulation for 2 mm and were folded to act as a 'hook' which would anchor the tip once inserted. The interelectrode distance was about 1 mm. The other end of the two wires was passed through a glass rod connected to the needle (Figure 1 ). The electrode assembly was sterilized prior to use. Following a Travad enema and under direct vision through a rigid sigmoidoscope the needle with the bipolar wire electrodes was inserted into the colonic muscle. The electrode pair was implanted into the colonic wall, being retained by the hook. The rod and needle were withdrawn leaving the wires intact and a fine perfused catheter was introduced in the vicinity ofthe electrode recording site. The sigmoidoscope was then removed. The myoelectrical activity was amplified (x50-200 000) and filtered (1. After adaptation for 30 min, recordings were made for up to 2 h. Raw data were recorded on tape (DC-1.25 kHz) for analysis. Colonic myoelectrical activity was full wave rectified and integrated (time constant 50 or 100 ms). This way bursts of activity could be distinguished from baseline noise and quantified by the area under the curve (inset, Figure 1 ). To establish that the putative colonic myoelectrical signals were free of interference from skeletal muscle activity (i.e. EMG) or local movement artefact, the following control manoeuvres were always performed: contractions of levator ani and abdominal muscles, palpation of the abdomen, Valsalva manoeuvre, cough, and hip flexion.
To increase the volume of tissue 'seen' by the electrodes the interelectrode distance was increased by withdrawal of one of the pair of wires by a few millimetres in some subjects.
Results
Recordings were made with bipolar wire electrodes hooked into the colon at sites 150-200 mm from the anal verge in 5 subjects. The procedure was well tolerated. Bursts of electrical activity were recorded in all individuals (Figures 1 and 2) . The frequency of bursts was measured from records of integrated myoelectrical activity obtained from 8-min sections at least 60 min into the recording period.
When the standard bipolar electrodes were used background myoelectrical activity was not influenced by manoeuvres designed to activate skeletal muscles.
In the 5 subjects the frequency of bursts of myoelectrical activity ranged from 3.5 to 18 bursts per minute. The duration of the myoelectrical bursts Figure 4 . Typical myoelectrical recording after a deliberate increase ofinterelectrode distance by less than 5 mm showing contamination ofthe recording by skektal muscle EMG. Lefg top two traces, raw and integrated electrical activity during hip flexion. Note skeletal muscle activity picked up by ECG leads. Right: top two traces, raw and integrated electrical activity during 'bearing-down' In both panels lower traces show ECG and thoraco-abdominal movement The timing of the manoeuvres is indicated in the 'respiration' traces varied from 2 to 30s. Despite variation in burst fiequency between subjects, the intrasubljct variability was relatively small (see Figure 3 ). The standard error of mean (SEM) ranged from 0.7 to 2.7, the larger variations occurring for higher burst fiequencies. For over 95% of the myoelectrical bursts there was no overt relationship between their timing and changes in intraluminal pressure.
If the interelectrode distance was increased by displacing one of the electrodes by a few millimetres from its pair, there was a dramatic change in the farfield activity picked up by the electrodes. Valsalva manoeuvres, contraction of levator ani and hip flexion then resulted in reproducible contamination of the recorded signal. This contamination was due to pickup of the high-voltage signals generated by nearby skeletal muscles (Figure 4) . in human subjects, but greater electrode separation results in contamination of the recordings by skeletal muscle EMG.
The relatively small intrasubject variability in the frequency of the myoelectrical bursts suggests that the method may provide a reliable way to quantify the colonic myoelectrical activity. The variation between subjects in basal burst frequency may be due to location ofthe electrodes within different layers of the smooth muscle within the colon. The intrinsic frequency is higher for the longitudinal than the circular layer in the human colon2.
The reason for the lack of obvious association between intraluminal changes in pressure and electrical activity is unclear. However, pressure may not be immediately reflected in the change in tension of discrete groups of smooth muscle cells, as it is also affected by respiratory movements, the passage of flatus, and intraluminal diameter.
A potential source of artefact in recordings of colonic activity has been identified. Interference from striated muscle may be a greater problem in the rectosigmoid due to the tight packing and close proximity of smooth muscle against skeletal muscle. This may be less of a problem for the recordings obtained by other workers17-'9 using different methodologies in more proximal parts of the bowel. However, the capacity of widely spaced bipolar electrodes to pick up far field effects from skeletal muscle such as abdominal wall and leg movements is noted. The volume of tissue from which the electrode records increases with the interelectrode distance such that far-field EMG from skeletal muscles is recorded unless a small interelectrode distance is used. Other tissue inhomogeneities may also contribute to this artefact20. This problem has not been confronted in any previous recordings of human colonic activity in vivo, and they could thus have been contaminated by skeletal muscle activity. Clip and suction electrodes have a relatively wide interelectrode distance, are prone to movement artefact and do not come into direct contact with the smooth muscle layers. Variations in mucosal contact have been proposed as the cause of the intermittent slow wave found in some studies5'9'21. The advantages of the closely-spaced bipolar hook-wire electrodes used here are their direct contact with the smooth muscle layers and small interelectrode distance so that far-field EMG from skeletal muscle was eliminated. The present technique may have advantages over that used by Bouvier et aL22 who recorded with separate electrodes with at least 2 mm separation. However, because they did not look for contamination by skeletal EMG it is difficult to compare the efficacy of the recording techniques.
Recordings ofrectosigmoid EMG have not achieved acceptance as a means of studying the motor activity of the large bowel. However, this could be due in part to artefactual and technical problems addressed in this paper. The method described above may form a more useful technique to assess the aetiology of the common disorders of colonic motility, particularly in the rectosigmoid.
